The use of recycled aggregate, even for low-performance concrete, has been very limited because recycled aggregate, which contains a large amount of old mortar, is very low in quality. To produce a high-quality recycled aggregate, removing the paste that adheres to the recycled aggregate is very important. We have conducted research on a complex abrasion method, which removes the component of cement paste from recycled fine aggregate by using both a low-speed wet abrasion crusher as a mechanical process and neutralization as chemical processes, and well as research on the optimal manufacturing condition of recycled fine aggregates. Subsequently, we evaluated the quality of recycled fine aggregate manufactured using these methods, and tested the specimen made by this aggregate. As a result, it was found that recycled fine aggregates produced by considering the aforementioned optimal abrasion condition with the use of sulfuric acid as reactant showed excellent quality, recording a dry density of 2.4 and an absorption ratio of 2.94. Furthermore, it was discovered that gypsum, which is a reaction product occurring in the process, did not significantly affect the quality of aggregates. Furthermore, the test of mortar using this aggregate, when gypsum was included as a reaction product, showed no obvious retarding effect. However, the test sample containing gypsum recorded a long-term strength of 25.7MPa, whereas the test sample that did not contain gypsum posted a long-term strength of 29.4MPa. Thus, it is thought to be necessary to conduct additional research into the soundness and durability because it showed a clear reduction of strength.
The usage of recycled concrete is categorized into 13 grades, from high-quality concrete to low-quality concrete for burial. Of these various usages, recycled aggregate falls into a relatively low grade. It is natural that low-quality waste concrete should be used for purposes with low quality requirements. However, there are some regions in which the supply of concrete is not smooth, and some markets where demand for low-quality concrete is not particularly high;
therefore, a technology to produce high-quality recycled aggregate must be developed. In developing the technology, the quality of recycled aggregate has a close relation with the amount of the old cement paste attached to the original coarse aggregate, and it is necessary to remove the old cement paste as much as possible.
On the other hand, potassium hydroxide (Ca(OH) 2 ) and calcium silicate hydrate account for 20~25% of cement paste. Ca(OH) 2 is one of the alkali hydrates, and when dissolved into water, the pH of the water reaches 12 or higher. Recycled aggregate contains some Ca(OH) 2 generated in an initial reaction of carbonization, but a large amount of Ca(OH) 2 is still contained within it.
Therefore, when recycled aggregate is widely used as a burial material, it will inevitably become a pollutant that continues to pollute soil and water resources. With this in mind, the removal of the alkali material from recycled aggregate is a significant step in enabling recycled aggregate to be used stably. In line with this, in the 2011 environmental management criteria for recycled aggregate, it is recommended to use pre-processed aggregate with a pH of 9.8 or lower of hydrogen ion concentration by usage [5] . This study aims to present a plan to simultaneously resolve the problem of removal of alkali source while improving the quality of recycled aggregate. Low-quality recycled aggregate with high content of old cement paste was stirred using a low-speed wet abrader to make it into high-quality recycled aggregate, and the characteristics of the mortar with the high-quality aggregate manufactured in this process was observed.
Literature review
Recycled aggregate is generally produced through more than 4 successive abrasion and cleansing processes. The water separation process is a technology to produce high-quality recycled sand by removing fine particles using cleansing water.
The pre-processed coarse aggregate with abrasion or sieving is put into a tank with cleansing water inside or outside of an oil water separator. In the separator, air or high-pressure water is supplied to generate eddy and foam which causes the aggregate to sink to the bottom while suspended soils are buoyant on the top, and then the water with the suspended soils and fine particles is released out of the tank, leaving the aggregate in the tank. The wind separation process is a dry separation method. In this process, wind is blown to the crushed recycled aggregate and fine particles that are a hindrance to the production of high-quality sand from waste concrete lumps to remove the fine particles using weight difference.
However, in both processes, the bond strength of the aggregate with cement paste was shown to be similar to the strength of aggregate. It is believed that despite the successful removal of cement paste from aggregate through several abrasion and cleansing processes, the aggregate was also This is based on the experiment result that cement paste, mortar or concrete reacted with the acidic or magnesium solution, and its compressive strength decreased by 2% at the removal of 1%
CaO [8] . In addition, the alkali process water is neutralized and no waste water is generated, and aggregate cleansing efficiency is also expected [9] .
On the other hand, the abrasion method applied along with neutralization reaction, as shown in Figure 1 , effectively separates the porous cement paste after the reaction without any destruction in or damage to aggregate itself using kinetic energy, through friction between aggregates and free fall. When the method above was applied to the production process of recycled aggregate, it was found that cement paste was effectively separated, and density increased and absorption rate decreased accordingly. However, the acid used in the neutralization reaction was sulfur, which influencing aggregate quality were the amount of process water and abrasion time, and the amount of the material to be abraded [11] . Based on this, the optimal conditions were drawn from a preliminary study, and it was found that the smaller the amount of cleansing water, the longer the abrasion time, and the more the material to be abraded, the more efficient the production process. In particular, when there was more material to be abraded, it took less time for abrasion [12] .The characteristics of recycled aggregate produced using the optimal conditions drawn in the preliminary study were reviewed.
Experiment plan and method

Experimental plan
As indicated in Table 1 , the experiment plan and levels were to perform a comparative analysis of density and absorption ratio of the low-quality aggregate and the processed high-quality aggregate with gypsum and that with no gypsum. In particular, a wet sieving was done for the processed aggregate to analyze changes in grading of the processed aggregate. Table 3 shows the physical characteristics of aggregate before and after neutralization and abrasion process and before and after removal of gypsum. The aggregate quality was shown to be improved after the neutralization and abrasion, and the aggregate quality was also shown to be improved after the gypsum removal compared to the quality before the removal. shown to be lower. It is believed that the aggregate was lumped in the drying process after abrasion, and that the fine particles and gypsum adhering to the aggregate were released by the cleansing water.
Test results
In C aggregate, less fine particles were found because C was in the process of cleansing before drying after the acid process, and in the process fine particles and gypsum were released. Figure 6 illustrates the soundness results of the recycled fine aggregate produced from low-quality recycled aggregate through the acid process. The soundness of original aggregate (A) was shown to be 5.2%, of the coarse aggregate after the neutralization and abrasion (B) was shown to be 6.7%, and of the aggregate under the cleansing after the process (C) was shown to be 5.1%, all of which satisfied less than 10% soundness set in the Quality Criteria for Recycled Aggregate. In particular, C showed a higher soundness value than B, based on which it is believed that there were gypsum and fine particles in the aggregate itself and the fine particles were removed in the cleansing process after the soundness test.
Soundness
Characteristics of aggregate strength
The abrasion ratio of aggregate strength by 100KN is shown in Figure 7 . The original aggregate (A) stood at 4.2%, which was the highest in terms of the abrasion ratio, followed by 2.72% of the aggregate after neutralization and abrasion process (B) and 2.26% of the aggregate under the cleansing after the process (C). In the course of the entire process, the calcium hydroxide (Ca(OH) 2 ) in the cement paste was separated in the form of gypsum (CaSO 4 ), which created a vulnerable contact surface between aggregate and cement paste, and the cement paste was actively separated from the aggregate, accordingly. The aggregate that only went through neutralization and abrasion (B) was under the sieving process, and in the process the gypsum and fine particles were removed, and the abrasion ratio was improved compared to the aggregate under the cleansing process(C). Based on the analysis, we believe gypsum, the hydrate, is easily removed by a simple washing and cleansing process. 
Outline
The aggregate produced through neutralization and slow-speed wet abrasion was tested to determine whether it could be used as recycled aggregate for concrete. When calcium hydroxide is neutralized with sulfuric acid, gypsum is generated.
In general, gypsum involves cement hydration and is used to control the rapid hydration of C3A, secure sufficient process time, and control the setting time. But if added excessively over a certain level, it generates excessive ettringite in the matrix and causes cracks, having an adverse impact on strength [13, 14, 15] . For this reason, through the mortar test, the impact of gypsum of the aggregate produced through neutralization and low-speed wet abrasion on the characteristics of strength in cement matrix was analyzed. and HRAI is the aggregate before the removal of fine particles. Table 6 illustrates the experimental mix.
Experimental plan and method
Experimental plan
Experiment method
To conduct the test, the mortar was mixed in compliance with the IS 679 Cement Strength Test Method, as shown in Figure 10 Table 8 . Table 9 . Notably, the aggregate after the process was prepared in two types: one with fine particles and the other with fine particles removed. 
Flow test
The flow of mortar by aggregate type is illustrated in Figure 11 . At a certain water-to-cement ratio (W/B), RS, LRA, HRAI and HRAII were measured as 145, 115, 141, and 179mm, respectively. As the specific surface area of LRA was coarse and relatively large, the flow was shown to be low. When gypsum is included, the setting is usually delayed, as ettringite is generated on the particle surface of C 3 A, which is reported to depend on the SO 4 2-ions in the matrix [16, 17, 18] . Therefore, for HRAI the gypsum adhering to the surface of aggregate was expected to generate ettringite on the surface of particle of C 3 A and delay the setting. In the test results, the setting time was actually delayed in HRA I compared to the other specimens. The initial setting was delayed more than the final setting. In addition, SEM results of HRAI and HRAII by age are illustrated in Figure 15 . HRAI with the aggregate before cleansing had more ettringite than HRAII with the aggregate after cleansing.
The variation of flexural strength of the mortar by aggregate type is shown in Figure 16 . In RS, the flexural strength was measured at 4. 
